ABSTR ACT
The Future of Integrated Deep-Sea Research in Europe
The HERMIONE Project Arctic areas where climate change will be more pronounced. Other topics of interest include cold water cascading in the Mediterranean and this issue) that are driven by cold winter winds that may weaken as climate warms, leading to reduced ventilation of deep Mediterranean waters . In addition, we plan to investigate seamounts as potential areas of high biodiversity that are under threat from bottom trawling (Clark et al., 2006) and to compare and/or relate the chemosynthetic communities found at cold seeps to those living at hot vent sites on the Mid-Atlantic Ridge.
H E R M E S S P E C I A L I S S U E F E AT U R E B y P H I L I P P. E . W E AV E R , A N T j E B O E T I U S , R O B E R T O D A N O VA R O , A N D R é F R E I WA L D , V I k k I G U N N , S E R G E H E U S S N E R , T E L M O M O R AT O , I N G O S C H E W E , A N D S y B I L L E VA N D E N H O V E
Four key scientific objectives have been identified for HERMIONE (Box 1).
These follow a logical progression, from investigating the physical dimensions of ecosystems, to understanding how they function and interconnect, to studying how they are impacted by human activity, to ensuring that this project can contribute to their sustainable management and protection.
The scientific side of the work program will be complemented by an extensive public outreach program, notably through the inclusion of four aquaria in Italy, the UK, and Greece. These aquaria will disseminate project information and results, the concepts behind the research, and the need to care for our deep-sea environment to a broad cross section of the public across Europe. A wider audience will be targeted through the use of global Web-based tools, such as Google
Earth and other e-resources.
DATA COLLECTION
Exploring and investigating the deep sea is expensive and difficult to achieve because it requires large infrastructure in the form of ocean-going ships and expensive equipment such as remotely operated vehicles (ROVs) to reach the seafloor. In the deep-sea, diversity varies on local, regional, and global scales (Stuart et al., 2003) . Understanding the mechanisms that produce these geographic patterns and boundaries among deep-sea ecosystems is one of the most challenging aspects of marine ecology.
One documented trend is the parabolic relationship between depth and species diversity (Rex et al., 2005) and burial of organic carbon in the ocean, with high variability within and among canyons (e.g., Heussner et al., 1999 Heussner et al., , 2006 , and fast-track pathways for material transported from the land to the deep sea (Khripounoff et al., 2003; Canals et al., 2006) . Determining physical processes controlling particle transfer, such as internal waves and storm events, is critical to understanding the production of nepheloid layers (particle-rich layers above the ocean floor) by resuspension (Quaresma et al., 2007) 
Cold-Water Coral Ecosystems
Deep-sea coral ecosystems are most extensive along the Northeast Atlantic The 38 HERMIONE Consortium partners represent a total of 14 European and close neighboring countries, and include four small business partners.
• National Oceanography Centre, Southampton, Uk (Coordinator) • Ifremer, France
• Royal NIOZ, The Netherlands
• University of Barcelona, Spain
• Hellenic Centre for Marine Research, Greece
• IFM-GEOMAR, Germany
• Consiglio Nazionale della Richerche, Italy
• Alfred Wegener Institute, Germany
• University of Tromsø, Norway
• National University of Ireland, Galway, Ireland (Reeburgh, 2007) .
Chemoautotrophic primary production via CO 2 fixation is the reason for the tento ten-thousandfold higher biomasses at vents and seeps compared to surrounding environments (Sibuet and Olu-Le Roy, 2002) . Carbonate precipitation in association with vents and seeps is also highly relevant to ecosystem structure as it shapes the seafloor for the settlement of hardground fauna (Dupré et al., 2007 ). HERMIONE will study the difference in community structure and functioning at cold seeps of varying activity at different water depths. In addition to traditional tools, we will use DNA barcoding for the rapid assessment of biodiversity and for the identification of cryptic taxa (Moura et al., 2008) .
SOCIO-ECONOMICS, OCEAN GOVERNANCE, AND SCIENCEPOLICy INTERFACES
The fourth HERMIONE objective is "to provide stakeholders and policymakers with scientific knowledge to support deep-sea governance aimed at the sustainable management of resources and the conservation of ecosystems. "
To achieve this goal, there is a need for genuine interdisciplinary natural-social science research that will permit integration of knowledge emerging from the natural sciences into the socio-economic and governance work of the project and feed results of the latter back into the natural science work.
The Deep-sea Frontier Initiative (Cochonat et al., 2007) and a recent UNEP/HERMES study (UNEP, 2007) showed the urgency and the magnitude of the task of developing socio-economic and governance research for the deep sea in support of ocean governance. 
